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'oingle yariable fot each piece of information would be wasteful; the infor-‘

:.1gﬂ11112 means

, /
mation can be packed into fewer variablee and retrieved when needed‘~ .Some-/

I. Intfoduction
[ d

Authors often need to etore Iarqe amounte of information. Use of a

1

timeg a sxmpleoyes £ no or on v+ off or 1 - @ is all the information deeire .

We shall ‘soncentrate oh packing somewhat more complicated information int -
an: 1nteger variable (n-veriable) Since the bit operationo‘gescribed are /

usually valid only for integer variablee.,
Before we discugso bits and bit, operatione, let us review the three basic

numher systems we encounter in vork with computers- decimal. binary, and
octal. We ghall be concerned with expreasing integerg in these threq sygtems

A3

and in converting numbers ftom one QYotem to another. Authors who wish to .

proceed directly to a discusoion of "gegment" may turn to paée 1.
/ | . , : -
1I. Number gygtemg S ' L . | .
' Decimal number cyctem. The number oyotem in everyday use i baced on
powerg of 14. The number 3842, for example, io actually 3ppp+8g +4ﬂ+2, or
x4, +SX1ﬂ +4x1g.+2x1gﬂ The decimal (bage ?ﬁ) oygtem has 18 & 19, ')
througth The next integer beyond 939X1ﬂg (oq 99-9%x1g +9><1ﬂﬂ or 99§:9X1ﬂ +
ox1g. +9X1ﬂﬂ, etc.) io 1X1¢ (or 1X1ﬂ or 1X1ﬂ )| etc,) when all digitc con-
tain the higheot symbol (9), integers start ovér again wyith the oymbol “1"
with an increage;of 1 in the highegt power of 19 Wwith these fundamental
ideas of”the maximum permitted gymbol in the number eyotem and of writing

numbers in terms of powers of the bacse, we can use other number gysteme to’,

represent any quantity To avoid confuﬁion, we ahall indicgte the bagk of
a given number ag a oubocript; weswrite 19049 for 181 in beoe 18° or decimalf,_
for 1ﬂ1 for 191 in bage 2 or binary; and 191 for 1ﬂ1 in baoe 8 or octal.

Binary number system» The binary ayotem (baoe 2) is eopecially con-
15, # and 1. (These may be

vanient for computers. There are only two o
congidered off-- on gwitches.) Each binary/digit ic a bit. The number

. A
+ 1X21 + 1><2ﬂ . . .

*

«

1%2° + gx25 & pxa? + 1x23 + 1x

.
LN




[ In terms of the more familiar ded ystem, this number is
J/ L 1%64, + gxzé’+ gx16 +71x8 + TRE-RAX2.+ 1x] '
. . c ok . t o
. or - //,/ e~ . , ‘ /
o / \ " N
: 64 + 4 + 2 + 1 =79 -
R . . / 1—“ }
Another Way of making this 155t statement is 1ﬂﬂ11112 791ﬂ' ..

9 ' :
» " .

Octal ndhber gystem.  The octal‘gystem (base 8) uses eight symbols, 2
‘through 7. The octal number 4375 represents o’

4*83 + 3X82 + 7*8 + SXBﬂ '

or,AiHQermg of. the decimal system,
’ ' —— ,

- .

. C 4x512 + 3x64 + 7x8 + 5x1, : ‘( oo : g ‘ ;’ / .
;o : - ' . .
¢ [o} ; ) : ‘
2048 + 192 + 56 + 5 = 23§41 __, ‘ A
N 19 : .
. Qr ’ § . ' L} ‘
o . X . ) .
’ . 437 =] 23 1\ ' )
. - . i ﬂ ﬂ o . R !

I1I. Conversion from ene system to another

Binary to decimal. We uge the power ‘method jnst de@cribed
4

1E!1112 =) 1XZ + gxz + 1’<22 + 1xz + 1¥/ﬂ
= 1X16 + ﬂxa + 1%X4 + 1x2 + 1x1

) ' .
: 12111, = 231¢ o o | . - !
. Octal to decimal. Use the power method. | ' ¥,
’ . i 2 1 g - o, 4 A o
. e 324, = 3xE" + 2xB. + 4x8 S S /
. ) - . . X e * .
. s 3x6d + 2x8 + 4x1 L /
’ : ' o 3
. . 3248 ? g121ﬂ,’ A : h _
¢ ™ . S ) ’
~
Decimal to binqu For r'mall decimal integers, converzxon to, binary can
: be carricd out by ingpection, using the réverge of the pr cedure ab6§e. Any
]
decimal integer can be broken down into the gum of powerg of 2. (Appendix B. :
., contains a table of poweré of 2 up to 259.) For example/:
‘ S 47 =32+ 8+ 4+ 2+ 1 )
\ 1ﬂ 5 3 2 1 ﬂ . .’ R
=27 +27+27+2 +2 _ : L
[ » ' = %2 4 pﬁﬁ + 1x23 ¢ m3? Daxa e 1xd?

- ) ’471ﬂ cj3g11112 /, ; ' ‘

" -




[\ . o rocadure becomes tedious for. COﬂVEESlon of large decimal integere.
o Another 5;5 oq”of conversion from decimal.to binary requires only successive

) o .division of the decima1~integer by 2 ‘and recording of the remainder (which N

) ~ ig either § or 1), Remainder after the first division byvé is the lowest

. bit_(right-mpst bit); remainder after divigiontef the qhdtientuby 2 is the .

o next higher bit, and so on. This process is.continued until the quotient

ig . »x. ' . o ' ' " ) ~
\\ ’ ‘ For.example, convert 531ﬂ to binary.notation. '
" . 53%2 = 26, remainder 1 ° 1 @y .
ﬂ . . f'26¢~2‘:5%3, remainder g g . . -
\\ b ~ 13:2=76, remainder 1 R | . o .n
N 6¢2 = 3, remainder g 4 | e Ty
) E #2 = 1, remainder: 1 [ - " . .
142 =2 f, remainder 1 1
l . T upp© , |
) . .
: | Tt;us, 5314 = 11@1;&1 SR o e

Decimal to octal. The methods given,ﬁjr decimal to binary converaibn W
also anbiy here. Except for very small decimal integero, the powers of 8

~‘.method is cumbersome. We use the method of dividing succeegively by 8.

For example, convert 4391 to ‘octal notation. ‘ -

e jrple, convert 45 , . .
P 439't 8 = 54, remainder 7 7 : o
? 54:8= 6, remainder 6 6 e " o
| "" " " 6:8= f, rema{inder"s 6 L .
ol . | S : C -
| ¢ Thus, 439 . 5 667 . \‘t : = - ) . '

2 QJ . .
' Binary to octal. We-arrange the binary number in groups of 3 bits each,

starting with the right-most bit. 1In each greup f give .the bit po 1tion itg
.}

gl 'binary value: 22, 21. or 2 lor 4,.2, or 1). If all bits' in a grohp are

/ .t , Vr'set (i. e., =1), then the value of the group ig 7; if none are eet the value

> ‘_ ' of the group ig #. The n\iue of the triplet is between g and 7, exactly the
_range of symbole'in the octal system. When all groups ave been evaluated ~

: 'individually and written successively, -the resulting number is -in octal

| '»f notation. .We bypass the decimal system entirely. . .

. o Pl . .
I . wd . .
. .




‘ N , .
. s | . - . v oo
_ For, example, convert %1ﬂlﬂ11ﬂ1ﬂ2 to octal notation. N
e g e ,
' 153 20 s e . S

Thus, 1 1ﬂ1 ﬂ11 ﬂ1ﬂ a 1532 (Spaces may be” embedded within a binary
or octal number to increage readability Suéh speces are 1gnored during any o
computet:.qn ) . , : C e ., . , .
. . . K . L - . . .

0ctal‘to»binary- Thig process ig exactly the reverse of the preceding .

one./ We take the octal numbar -and break up each oct51 digit into bits. Since‘
the greateot octal digit’ ‘ig 7, no more than 3 bit are needed to expresg one
octal digit, These bits are the 4, 2, and 1 bitg.

. . For exgmple, convert 62451, to binary notation. o By )
& 2 4 5 1 : . s v
1p ﬂ1ﬂ 188181 g1 - S e - .
i Thus, 624518 = 118 919 189 1¢1 ﬂﬁ1 = . . N
s ) e a
Appendix A.\Eéntains a table of decimel. octal. th bihary integerg.

‘ from ﬂ_to‘§91ﬂ ‘

. : . o ¢ >

IV. Bit opera¥ions on PLATO ° | b

e

'Becaue of the campactness of thé“octal.notation feiative to‘thé Qingry
notation', he PLA‘I‘O" bc:mputer uges octal numbe‘ro. With practice, octal numbers
. can-be con .rted to binary numbers by inopection. An octal integer io

ith-a small "o preceding it to digtinguieh it from a décimal integer;

*‘0276 3 indicates that this number is in octal notation® Each_variable hasg -

writte

64 bits, sqo that an,octal ntimber can have up to Zﬂ«d}q}te: Any preceding
geroe need ot Jye written; we can write the number above ago oé?éSﬁ3 rather
than oﬂﬂﬁﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬁ2725ﬂ3., However; embedded and following ueroo must
always bé included. . Bits are numbered from 1 ® 6 gtarting at the left end;
"Bit 1 is jﬁe nlgn bit; it has value ﬂ fb: a poaitive number- and 1 for a ¢
negatxve number. " ’ .

Octal representation of a negative number is the 7'5 complement i B
of the reprenentation of the poaitxve number; that is. each octal digit is
subtracted from 7. Suppoee,the 'number in decimal nptation id -22. octal
representation of +22 ig 0269 octal represeﬂtetion,of -22 is, therefore,

077777777777777777751. “0ctal representation of :ﬂ_(negative zero) ig

.
.

r ﬁﬁ_ — | G ) v o o

=




N . LI

binary representation of.the number. For eXample,
W = 026 = ppp gEg. ..M

everse the value of each bit; the ‘result is

AN 111...151 ﬂﬂ12 = 077717 777777777777751 = -22”J

,performe this operation. The preceding example could

11ﬂ To'£ind the 1's complfement, we simply
‘ A

he function “comp (x)*.

be written- comp(22).

» . ) 3 : R ) . ) "
~ Shifting bits within a variable. Two operatipns allow bits to be ‘moved
™  within a variable.. Arithmetic right shift (ars)

, ‘ e . . /
the specified numbexr of bits., K Bits “falling offf

*  nimber aré lost;.the 'sign bit (# or 1) is writtf
, , A

foves bits to the right by

y in the vacated positions
on the left end. :« . . .
Example 1. 05718 $ars$ 6 (Shift 6

Since the shift is. 6 bitsf

its to the right.)

#

B digits. we can find the .esult easily

[ v PN

. _ Result is’ 057 (The 6 bits on the right end are lost.)
V.. Bxample 2. 05718 $ars$ 8 _(shift 8 bits to thé right.)
. we first write down the number dn binary notation since the

, ehift is not by triplet groupa and, therefore,‘not eaeily
done by inspection. 571ﬂ 2 181 111 gg ﬂﬂﬂz We ehigx
bits to.tﬂ! right by 8 positione,and drop the rightgmost 8

3

3 : | bits. = ‘ i ’ 4 / \
o » . . .Result iz 1 #11,= 13. = 013, e S
‘_-“ ‘ Hence, 05§1ﬂ Sars$ 8 is o13’ ’ ‘ ‘2\
Example 3. o77777777777777772¢67 $ars$ 6 v
//‘\ 077777777777777777728 (Six bitg vacated on the left are

filled with the oign bit, which is 1.)
The second shifting operation is the circular left ghift (cls).
N contraet to the right shift, bits here are not lost. Bits falling off the.
left erM are tacked on to the right end of the octal n er, so that a bit N
- may cycle through all pdsitiona of a variable. un7 |
Example 1. ©5718 $clg$ 6 ~  (Shift 6 bits to the left.)

Since the shift is through 2 triplet groups,,the_rgsult can'

: be' obtained by inepection. .
. .7 Result is o571ppf. 5

the right end of the octal g

3




. -6 - .
4 -t . . ) '
*  Example 2.. 05718 $cls§ 8 - . (shift 8 bits to the left.)
ot T 5718, = 181 111 8g1 #pg,. - Shift 8 positions to the left
’%. ) ~ and fill in vacated positions on the right with bits pushed
u\;> W _ over the’ left end. (In this case all these bits are. ze{os .)
o .  Result is 1ﬂ 111 188 189 ﬂﬂﬂ Bag ﬂﬂﬂ = 3744ﬂﬂﬂ = 02744ﬂﬂﬂ
e " Hence, 05718 Scls$ 8 is 02744mm :
Example 3. o77777777777777772ﬂ67 sciss 6.~ -

© By 1nspectlon, result is o777777777777772ﬂ6777
The 6 bits pushed off the left side are tacked on_ to the

'oi

right sideg _ ’ -

Example- 47 077777777777777772567 $cls$ 8 L ¢
) oo Result is o77777777777775ﬂ33777 \Q:><E7<i:> .
} : prlte'dowp-the bits. shift, and regroup.)

Example 5,  012347654g#RgAggpagag Scla$ 12
] * The shift & to the left through 4 triplets.
.. Recult ig,QTcsapAgpmspspREmIZ3A. o

[N

Magk. The magk operaf;ong allows onlyieertain bitg to be "seen." The

magk is analogous to .the ihtergection of two gets. In the form ' -

n3<" n1 Smask$ n2, bits must be set (m1) in both n1 and n2 for the corregpondlng

. bits to be get in n3. There are four posaible ccmbinations fof the bitg. as

0] . Al

shqwn in the follow1ng Buble St

n1 n2 - n3<='nl $mask$ n2 ‘ ° -

g
. B
R
1

- | -=m|
-—-|mw|m™=

A
.Exémple‘l. The result oftmagk;ng the binary'numbgr 188 1112'with
T 11 #p1,ic 148 #91,. In octal. notation, we have: '
047 S$magk$ 061, which results in 'o41. )
Example 2. Magk ‘the binary number 188 111 with 112, gegﬁlt is 1
/‘ o w In octal notation this problem readqf | ) ' 1

" 047 Smasks o3, which resultﬂ in o3.

-~

il

]




-1 »
v . . - :

(. o ..:' [ ‘!

The mask gaﬂ aet\_//é'“window" on a variable. When bits arefset in n2,

the bits of ni ‘are v151blqz when bits are not set in n2, the winde is closzed

and: bits of nl are not vigible. The magking operation does not change the

relatxve positione of bits-

Example 3.

o

Example 4.

Example S..

-~

»\ . ".

vSuppOSB you wish to see the.rightpmost 8 bits (bits;53 through
6g) of‘yar;able n1. Set up a magk in which*® dnly these bits

. . ' \
are get, i.e., 11 111 11%2 = 0377 » N

Required expregsion is n1 $mask$. 0377. ;_z: .
Suppose in addition to bits 53 through 6@ ffou also wish, to

see bits- 39, 44, 41, 46, 47, and 48.‘ Set up the'mask ya

oA !

%{;rﬂﬂﬂ 111 gag g11 11 1112 = o16f70377. :

Requilred e&presaion is n1 Smask$ o16p7ﬂ377 /

Suppose you wish to cee only bits 39, 48, 41, 46, 47, and 48.
Mask is then 1 #g 288 111°8g8 ﬂﬂﬂ '] ﬂﬂﬂ = o168729498.

/

Required expressgon is n1 $magk$ o16ﬂ7ﬂﬂﬂﬂ .

The TUTOR funictions "Imask (x)" and "rmask(x)" set up opecial numberg

[\

which may be uged in ¥it operationa\__zhe function "lmask(de)" giveg a 1éft- »
-Jugtlfiéd octal number of 48 bita? that igs, the left-moot 48 bito of’ the

number are set.

The function "rmagk(8)" gives a right-jugtified number of

?!) bitsgs, where the right-mbot 8 bitg are set. Thus, example 3 above could

" have been written: n1 $mack$ rmack(8).

- L .
S ‘
-
‘.

R [

Union. The union operation is analogous to the union of two geto. In

the form n3¢- n!1 $union$ n2, if a bit ig set in either n1 or n2 or in both, =

then the corregponding 'bit is set in n3. The foilowing table gives the

pogsible combinations. ..

Example 1.

Example 2.

.

nﬁ » n2 n3<¢> n1 $union$ n2
g g g
1 [’} 1
] 1 1
1 1 1

Find the union of the,bfn y numbers 148 1112 ahé’llﬂfﬁgaz,
Regult iz 118 11A2.
o 7 $union$ 061, whiich results in 067.

’Find the union of 1ﬂA1112 with 112.n Reoult ic 1ﬂﬂ 1112
(Remember the preceding zeros in the gecond‘binary number.?)

In octal notdtion: o047 $union$ ©3 recults in 047.

12 .

In octal notation the problem’recads:

-

-~

Bl




. . . . v .
ey -

" " - . The union operatloq 1s useful i setting spec1f1c bits in a varlablet o T
re . , - S
' Example 3. Suppose you -want to be sure that b1ts 53 through Gﬂ of a oy
| . Varlable, n1, are set, 1ndependent of the other blts...Set'
\ X v» . \ . ’ .v : E
S Coe ' the new value of the varlable equal to the union of ‘the -
i ‘ o . old value and 117111 4112 or 0377 (or mask(a)) . . ‘
f” . ‘ n1 < ni $union$ o377 or nl <= n1 $unlon$ rmask(B)" :_ )
_ f Example 4. Varlables may also be- used in all. bit operatlons. Forr R A
. . ) example, nl $unlon$ n4d is a legltlmate expresslon." ‘
- » R . S ” . a
4 .-». Diff. In: ‘the form n3<= n1 $d1ff$ n2 ‘a bit is "set in #h3 only 1£ ! f o .
A ’ correspondlng b1ts are set.in either n1 or n2 but not in both If correspond-
z&aang bits in n1 and n2 are: dlfferent, then the correspondlng b1t 1s set in n3’ o Y
' ‘“ Bk : e
-?ﬁ% 3£ correspondlng ‘bits in n1 and n2 are the same, the correspondlng bit is ! ]
‘ \; not set/;n n} The pos51ble comblnatlons ?re shown below. ":3 ; . ‘m) Tt
- 50 n1.'A n2 n3<% n1 $d1ff$ n2 N %gﬁ%- : ‘ CoL °
’ .%o ' R ) ST ‘ )
R S Y " ?_ ﬂ ﬂ ﬂ o ML -
C ) - '11 [ Hos o . 5 *
£o- - g 17 1 LN - .
N T TLp : ’ ’ - . -

. B . e - . - . .‘ ) . ) N . R . ,..
. As the table shows, if the bit in n2 is set then the correspondlng b1t A
T "'_ln n3 is the complement of the correspénding\blt in n1 (set bits are unset : ' a
—~ ' .. and.vice versa)”“ If the b1t in n2 ‘is not sSety the correspondlng b1t in h3- . S

4.1s the same as the correspond;ng bit’ 1n.n1 ‘ ks /'*' 3 . e
’Q‘ L Example.l. _Use ‘the diff operatlon ori the blnary numbers 189 1112 and > . -
. 119 po, Result is ﬂ1ﬂ»11ﬂ2, ‘In octal notation therproblém
. . ..‘ ‘reads" o S [g . ; ) = . " T, _ _
o 047 $d1ff$ 061:_Wh1ch results in o26. ﬁ ' N vf R

9

o

¥

Use the diff operation on the blnary numbers 190 111 'an%%11 &s
Result is 1g¢ 1ﬂﬂ‘

in the second binary number. )

‘(Again, remember the precedlng Zeros

In octal notation, we ‘have

-‘047 $d1ff$ 03, Wthh results in o44. -'“ o _' p

r .. )
# . -
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H i l . . - .
o ThHe dlﬁf operat,lon is useful in revers:.ng spec1fic bJ.ts in 3 varJ.able. A
‘ ©  Example 3 ‘ suppose you .w1sh to reverse bits 53 through 6 of ararlable ’

o e ni and set the result to n3. ‘I‘akeéthe diff w1th 11 111 1112 .

o377 (TheJ preceding 17 oc;/al Ze!.‘OS w111 not cause any

+ o

.-

- : changes Jgf') the bits of nl ,6 : . . ‘.‘,. .
’ n3 & n1 $diff$ 377 - o;/ ni< n1 $diff$ rmask(B)

-

'E}n{a'mple 4" Reverse bits 53 through«Gﬂ and also bJ.ts 45, 46, 48; 49, and .

a ._ o .- Sﬂ of variable. ni and set the result to n4. You neeéd . ; .
T e 1181 178 g11 111 1112= o15_6377 . ,
’ .+ nde n1 $d1ff$ o15637'7 e , N
" Combination of operatlons. Suppose the value of bJ.ts 31 » 32, 33 and" g

¢

34 ofi n1 are needed > We must ad]ust the mask so only these bits come through

. Mask is 11»1 18p 2 2E9) ﬂﬂﬂ app fpp pog 209 Mﬂ Thus n3<s n1 $mask$ 074Wﬂﬂﬂﬂﬂﬂ
. ,.We{ may also“ shift the bJ.}:s to the }'lght end before operating w1th the mask N

L4

. -
o ’ . . N . . .

Lo T T e sars$ 26) $masks 017 - SRR
' ‘Aog‘A'A‘.."’h'v _’n,_"’ . . ! o ’- ST
N ' e ~ :.. L n%<‘= (n1‘ $axs$q '24) $mask$ 0795 'ZTh\ese shij:'ts pz:eserve the
v' ‘or N | et | originai triplets. Result -

n5 & '(n‘.l $cls$ 36) $mask$ o074 for n5 is 'the‘Same in the

two examples )

~

If the.only 1nformat10n needed 1s the values of the bJ.ts, theﬁ these
operatlons are adequate. ' The results for n3, n4 ’ and n5 ‘are not equal however, ’

’

since the',oshxfts are of 'dJ.fferent amounts, and the mask does lhot change the

-~ positions of the bits. Then -\ ‘ " R g . o

e ; A . T
' » . n4, n3 Jars$ '26 ', 15 $ars$ 2 are equlvalent, N

% n3., n4 $cls$ 26 , n5 $cls$ 24 are equivalent— DR e

AL - n5, n3 $ars$ 24 , n4 $cls$ 2, are equivalent ' S
e . /‘ . LY “* vl ;. - , ‘ B '
. V. Apgllcatlons- I o ".9 R .
’ T M data 1n an 1nteger variable uSJ.ng shJ.ftJ.ng and masking. Suppose
A ' Lnformatlon to {be stored in an integer variable consists of (1n base 4 #: . H_A»j_ﬂ@ﬁ;,
.‘;," (1) an 1nteger rangJ.ng from ﬂ to’ 50; (2) a fractional number ranglng fx!om ' |

4 . . . .
- : . : ’ o . T - °
. . . .

a

. ‘}\ Eic




4 ing from.-1g to +5. These - R
: LR . . . « - ’ :
Let us consider them in

-

3

A ¢ - a . N

(1) g to Sﬂ This’ number is a pos1t1ve

'nteger and requires no scaling. L

Cons1der the maximum number of bits required to pack it into a varlable. o
ﬂ = 118 ﬂ1ﬂ ' Thls number Wlll re
(2) -3 g to +3. ﬂ Th1s number requlres’scallng, both for sign and

ire no more than 6 bits.*

9.

e fractional part, s1nce this, method does not prov1de for stor1ng s1gned numbers «

f

or fract1ons. After add1t16h of 3.0 to e11m1nate negatlve values and’ multl-.}l‘ .
pllcatlon by .18 to ellmlnate the fractlonal part “the maxxmum value is 64.

- ﬂ1ﬂ 74 = 111 1ﬂﬂ The scaled value will requlre no more than 6 blts. T .
The orlglqal valpe may be recovered in.the; unpacking. h o . o L \
(3) -1ﬂ to.+5 Thls number requires sca11ng to eliminate negat1Ve values.

A After addltlon "of 14, the max1mum value is-15. 15 17 =1 111_. Th1$ ’ -y
A )Qﬂ 1ﬂ 2 PR

scaled numhcr w111 requlre no more than 4 bits. Again, the original value

o nmy be recovered in unpacklng._ . - v . as .
’ 4

L ‘f\ Packlng and recoverlng the rnformatlon. ’Suppose the 1nfprmat1on is .

stored in va 1ables ni, v2 and n3, and that 1t is to beé pdcked 1nto\var1able,

e

<‘m,ﬂﬂ, for example. ' The récovered 1nformat10n w1ll be in‘variables deflned -

earller as a,\h, and c, respectlvely. The code might be’ wrltten/zn the * . W
-~ ~ )’ £y .
R n; follow1ng way: ', o . : .
p - - , o . -
v‘_ Lox . f <nl <5¢, -3.9<v2<+3.8, <1f<n3< +5° -

.

i

. 'I;o* . “\to pack: . -, o : A ) B .
: Vet m .n q - - ) b '
de@ine‘ arv91 b—v92 c—v93 . ) v

. . . . \ . . B ! i '
e ' calc *n245\1ﬂ(v2+3) $$ scale for 'sign and decimal
. . . oo ,n3<=\h3 +18 $$ scale for sign L ’
' ' n1gg<=\g1 + (n2 $cls$ 6) + (n3 $cls$ 12) .

S * : nl in rlght-most 6 bits; cls n2 over 6 blts and store in next

ey

- . 6 bits; cls~n3 over 12‘b1ts and store_1n»next 4 b1ts

LK " Lok ., to recover: . . . - - ?f;"
' calc a<¢ nl1fgg s$mask$ o77 $$ look at right-most 6 bits '. -3_ .
v 3:'Q -~ b<¢= ((n1ﬂﬂ Sars$ 6)$mask$ oN)/14 - 3 $$ sh1ft mask, scale -

- o \ ‘ez ((n1gg Sars$ 12)$mask o1%) - 1ﬂ @&$$ shift, mask, scale




Y
¢

The_last'two lines may also be ertten ' | . c T,
calc . bé= ({nigg’ $mask$ o77ﬂﬂ)$ars$ 6)/18 - 3 $% mask-first \
c¢= ((n1ﬂﬂ-$mask$ o17ﬂﬂﬂﬂ)$ars$ 12) - 1ﬂ |

,To,check that all is workrng well%~you might add the.follow1ng code:‘- - ”ﬂ
o - . . R N \

'show . a - q

) showt ' b,5,1 D, or  wri <(s,a> 4s,bp 4s,c)> e
, showt Cts.'m \ . ‘ j~‘._~ - B
~’This procedure becomes economical wh ldep‘amounts of data of s1m11ar for- ' ‘, ’
’fmats are to be packed into many varif les. , . ¥ S ; v S
. , We shall now d1scuss the probl of packLng us1ng the segment feature,’ BPYCH
| whlch performs many/of the operat1'ns automatlcally. L o ‘ .>A{///.

Q@@ 7 Stor1ng data in a variable us1ng segment The segment feature allows
e éuccesslve variables to be broken up 1nto segments or bytes for purposes of'i_v;‘

g;'., ",stbrr?g data. - The author se1ects a/byte s12e which w1llIaccommodate the . .
- T numbers. To use the segment feature, a statement must be adde& tothe set :lt
of deflnltlons with the following form : R : . ‘ A . l o ;.x

. . .
- . ' 2 . ) - .
i Ve Ve . . . o . . .
. . . g . ' !

. . define defris - " N

: ’ o segment name—startlng var1ab1e,number of b1ts per byte,s

) : %

* . put no other deflnltlons on the same llne with ségment _

* definition .- : e . . P

v 1

AN

I * _ last argument, s, is optlonal, and ‘is needed for slgned
J * ; numbers. ‘ N o,
The byte slze.may be from 1 to 59 and cannot be a varlable. The-adﬂwess~

o

3 oy
of the start;ng var1able .also may not be a variable. (The address of the . . \

variable is- the number attached tc 1t f.9., the address of v59 is 59¢
:Ukﬁ address of*ni13 1s 13. -‘Hence, one may.not use v(v48) in the segment definition.):
Unlike the example d1scussed in the preced1ng sectién,, v-yarlabies—or n- 3
varlables may be used with the segment feature. ‘However,. Ly~ 1nteger data
v may be stored ' When given, the last argument 1n.thewsegmeﬁz defxﬁltlonm‘;
. 1nd1cates that storage of negatlve as well as pos1tlve 1ntegerL is permltée
;*\Without\szls argument only positive 1ntegers may be packed correctly. if the’ 'V .
last argument is 1ncluded byte size must be 1ncreased by, 1 to allow one bit B (\

for the sIgn. The convention for octal representation of negatlve 1ntegers ;

‘ £
B k

g is then s1m11ar to that discussed at the tbp of page 5 /!
~ ” . . , N .

BT TR . ’ N
N VA [T . . . . '
Mo , P . . .




- of each segmented variable

. seven 8-bit segments with

: oonsider only the value and disregard, the slgn ) Suppose we want to fit, the

'ﬁ:If the 1nteger ls -17689} the procedure is the same, .except that we are\’

"restrlcted to signed segments. the byte slze*must be at least 16.

a

¥ L ' . § . . . .‘

' - 12 < . 4'%& e T
7 / .

Segmentlng starts at the ft end of thj varlable. ’If the QK\ 1ze£

does not subd1v1de the Gﬂ'blts evenly, the e trg bits at the right ‘end -

e unused. For e&ample, a variable can contaln
bits left over. ’ S . : E
To fit into an unsigned segment of size n. bits, 1ntegers may range_ . oy ‘
from g to. 2 1. For a Signed segment of size n hlts, 1n§$ger$ may range B ) N T ‘l
from -(2 -1) to +(2/-1-1) Attempts. to fit integers ‘outs-ide these ranges o - J

will give erroneous results. éuppose we have a byte size of 7. In the table

of powers‘of,z in AppendleB., we find that'such-a segment can store pOsitivei ] oA

integers. from # ta 127 or Signed integers from -63 to +63. | - ,
More often ybu have a batch offhata-With a known maximum absolute value = = - -

and wish‘to selec] the‘byte'size. If this value is.such that

2n-1 < Hnghmnnl Zn, then-the byte size for unslgned integers is, n and forf .

signed integers, n+1, (|max1mum| indicates maﬁlmum absolute value, i.e.,

integer 17689 1nto a segment. We flnd from Appendlx B. that thls 1nteger

11es between 2 and 2 Y. For an unsigned segment the byte size must be at

least 15, For a slgned segment we must allow a“byte size of’ at least 16.

.

Suppose we want to break up variables 1nto 6-bit bytes-and need 1ﬂﬂ ’ .
such bytes. Then 19 varxables w111 be regu1red'(ten 6-b1t bytes per varlable)

Suppose also thab ‘some of the ‘data to be packed’ cons1st.pf negatave numhe;;. %~
° We might store some. of the 1nfonmatlon as follows° - : /// .
¢ W . .
' ' deflne seta * : ’ - A g
segment,class—v1ﬂ 6,s ' . : ,"' LT
. - * . integers from - 311” to +311ﬂ may. be packed w1thout loss of
S A 'ingormatlon s _ ' . A
zero 218 - . $$‘initialize vig through v19 . .
calc vige 1.5 - ~ T L %
n2¢< 4 . ‘ S Vo .
class(1)¢= 2 $§ set 1st byte to Zi . o ;ﬂ\rﬂg .
class(2) <= 3 $$ set 2nd byte to 3’ . . ' L
class(4) & 7 . $$ set 4th byte to 7 etc. v
class(2f) ¢= class(1) '+ class(4) _ ’ °‘ L
class (4f) & class(2f8) + 18 ' o o _— '
. Class(45) ¢ -8 Lo ~ B =
‘class (12) ¢= n2 . kT o :
class(32)4= 24N 7 I e



W
. . -3 - . D s o
‘ Y ° e o
As a check the packed information may ‘be dlspldyed. - . . g oL
. show | class(4 \\ . B T . [
' showt - class(32)/18,4,1 .o ‘Q . .
r - / . . . .’ ' * - //
Values may also be d1sp1axed by“' .. N ;
z f -
o s - . °
R write <(s,c1ass(4))> <(s,c1ass(32)/1ﬂ)> T
N . The calculations above result in‘theufollﬁwing non-zero: yariables:
" class(2) . : o E »
o N V1ﬂ is o ﬂ2 53 g 57 pg pp pp pp ﬂﬂ ﬂﬂ
- ¥
r , . |
class(l) class(4) . : o
' 3 ) ’ N i Y
- i . a )
AN 1S°ﬂﬂ ﬂ4 ﬂﬂ 28 ﬂﬂ pg pp pg pp Y, “18:915) - ‘ e
i L ) . class(12) ) "class(2f) ' » . ’ T f
- €$§?‘ ‘.v]3 is o ?ﬂ 17 Pp PP p@ pP Ppp pP ﬂﬂ 23 (178 = 1515’.238‘= 1915)’
. ’ciass?32) o y v class(4ﬂ) : - » S
is o ﬂﬂ ﬂﬂ )] ﬂﬂ 87, ﬂﬂ g gg 13)3 ge ~ (here; 678 = f81p)
class (45) r S -
kPreceding Zer;s-ére included only for ease in counting bytes, and need
N not uéually be 1nc1uded in wr 1ng the octal numbers. e
s g Paqglng of the negative n r may be analyzed further.' Cons1der only ”,
PR the relevant byte of vid. N . R ' " S
) S . - . e .
. o 067 = 678—11ﬂ m, . _ .
Since, accordlng to our segment deflnitlon, ye' are deallng with a s1gned .

number, the left-most bit is 1nterpreted as the 51gn b1t, and: sinde it is 1,

the number is negatlve. To obtaln this number we take the 1'sﬁcomplemqntfpf
_the binary number, ‘we f11p the b1ts of 118 1112 and obtain ﬂﬂ1,ﬂﬂﬁ£ = 15 = 81”.
The number stored in this bytg»xs the negatlvt of this 1nteger, or 815

e Con51der the example given previously Information' tg be stored consists

- of (1* an integer rangirig from @ to 5@, represented by n1/ (2) a number ranging

’

\ "o .

from +3.8 to +3 B represented by v2' (3)- ag integer ranging from.#1ﬂ tc +5,
repreéented by n3. ’ . , - ¢ /g

v

-_/V»' The,lnteger stored in n1 requlres a maxlmum of 6 blts. . 8ince th% sign

argument in the ,segment must’ be included to allow foﬁlnegative numhers in tng

other data, an additional bit must'be used, so the byte size is’7.
& H




‘

3w
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.

@ . . . . o

- 14 - ‘ poo '

/Q "l A . ;

"The number - stored in v2 requxres scallng for the fractiohal part but

_ not\for the -sign as previously. Scaled values range from -37 to +3ﬂ $1nce

3ﬂ1ﬂ = 36 = 11 11ﬂ and one addltlonal ‘bit must be. allowed for the negatlve

Values, thls byte requlres 6 blts.

\whe 1nteger stored in n3 does not requ1re scallng for sign as before.

»

The largest absolute valqg that must be considered ° 1s 1ﬂ Since

1ﬂ

19" . o

15+ = 12 = 51 5152, and -t¢1ﬂ = 1ﬂ 1ﬂ1 here, this byte requires 5 b1ts. /

- For s1mp11c1ty let all three bytes be size 7. Then there are 8 segments

to a varlable, with 4 blts left over at the r1ght end. Suppose the data
are. stoFed start1ng in v1ﬂﬂ The code might be written: : ' /

.

B Snl&5P; -3.8Sv2s+3.0; -18 < n3 <45

y . :

define segs )
segment,1nfq=vlﬂﬂ 7,s |
. * .
" cale 1nfo(1)<:’n1 f $$ ni, v2, n3 have been previously set
- info(2) ¢ 1gv2 $$ scale v2 for fractional part
. info(3) ¢ n3 ’ o -
* . . R . .
. * check values bx,dlsplaylng- - / ' } )
* . - /J . . | .
X ' . ‘ v . . ‘ \,
show 1qfo(1) ’ - '
shawt  info(2)/18,3, 1 $$-sgale back . RS T P
) showt  info(3 ,4 _ Do L sl ~
Values may also b d;splayed by = . * Lo . f o
) write qs,mf (1)>".ds, info (2) /1P <ls,1nfo(3)}> P

Note the dlfference in location- in. the varlable from the earller example,.

‘there the inf?rmatlon was packed starting. it the right end of theivariable,
‘*while with segment the packing starts at the left end. , .

The samF varlable(s) can be segmented‘into bytes of dlfferent sizes.

_For, example, suppose‘three 9-bit bytes’ and four 1-bit bytes are needed The '

-deflne- c7bld be written as follows. S

/
h deflne,

i

“ ) .
. . . :'.

packup ¢ o :
segment ,numb=v1gg,9, s ‘ . P o . !
segment ,onoff=v1gg, 1 - . S N )
mean=numb (1) , sd=numb (2) , coe f=numb (3) g Co

probaconoff(zs)Lprobb=onoff(29),probc ono§%(35),probd=onof£(31)_



L

Note that segmented vaiue may be referenced in subsequent defined
variables. Any permutation of the segmented data could have been used. In

using this multiple segment cdre must be taken not to overwrite one segment

with another. mhe three se nts above,’ "mean," "sd," and "coef," each

'requrre nine bits. Since they are defined - sequentially, they occupy .bits

T through 27! Hence in deiﬁning or using the next group of segments,.“proba
"probb," "probc," and "pro

the first' bit available is number 28.

) we must not use any of these first 27 hits;
S SN

/The fegment.feature(divides'successive variables'into~segments'StartingfL
"at -the ldft end of the first variable and proceeding "horizontally"facfbss. |
variables. The first and second segmentsa for example, are ‘adjatent ‘segments
in the irst variahle. Anothsr form of segment is the vertical segment, which

behaves/ exactly as its name implies. It breaks up successive variables into

o« segments -and proceeds "yertically" across variables. With vertical segmenting
succes ive segments are in sdbcessive variab&es, the first and second segments .
are in/ the firsttand second\variables. The Format for the definition Lf the

‘vertidal ‘segment is: - ' ’ ~

define defns: o .
‘segment,vertical ,name=starting variable,starting bit

‘\' ; o ;, position,number, of bits per byte s o . : )
e R — 1ast argument is needed only. if. signed numbers are used

S A ' .
ff o . Suppose the fblIoWing information is to be stored in Vertical segments

W (1) integers’ which range from g to 5X1ﬂ () integers which range from
-1248 to +892,/(3) integers which range from_ﬂ to 135. The h’te size
(Refer to the

these values Jre, respectively, 39 bits, 12 bits, and 8 bits.

.....

written- /f

,define all '

« e ‘segment,vertical,big=v22,1,39 - S e
: G . segment,vertical,neg=v32,4f,12,s o
- . . .g,/". I . = - .
“<$§&‘.§%ﬁq . ; ' segment,vertical small=v22,52,8

X .,\ ) . \

\ . - N !
. . - .
. ; ?
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T

- variable.

- 16 - .. o - R

big(1) &= 1998
big(2) & 18°
neg(1) «= 8

neg (2) & -12¢¢0
small (1) < 132
'sma11(2)4: 15

calc

"« These segments are all.contained in variables v22 and v23

7 o - . L ;4
The calcu- -

lations result in the ﬁollowing values for these variables.

v22 is 'ofppgapppgIsg 1572 41;5. : > ‘ o}
o 23 is oppp7iaesasgag 5517 g36. L |
Consider.v22; ! Lt ) ; . ' o ‘ -
first 39 bits: 01750 mma ,g Which iseig(h) - T
"y‘nex€"12’bits:' o1572 : 8 ﬂ1ﬂ (which is neg(1),,sign bit is ﬂ)
next 8 bits: o41¢$&s~$1 = 0204 = 132, 19 (which is sma11(1), the

shift of 1 bit is helpful in evaluating the first 8 of the -

3

f

~

- remaining 9 bits) . ; _ v .-
. ) '. . L
Consider v23: B . SO NN
) e Y R 2N BEEEE ,

o7346545ﬂﬂﬂ ~»10 {which is big(Z)) _ . o ‘
©05517 = - (02268) @¥ 1200
% _ V
bit is 1) = _ i

\

* 4
"* . next'8 bits: off363arss$1 = 017 = 15”a (whith is sn7u(2))
\ | 2 S

first 39 bits:

next 12 bits: (which is neg(2)r 51gn -
fa{lp\'

oF " [ A

Other methods of bit and character manipulation ' ‘

e,

Soﬁe TUTOR cqmmands and functions

These features are summarized below. Jhe TUTOR Langgage by Bruce Sherwood o

and lesson ”aids" provide details an exceptions.,

A char@cter ﬁequires 6 bits so that a var{éble can confain up to 12 °*

characgers Appendix° . cont ns a table of/internal keycodes, numerical

representations, of more C only used characters. In general, uee of the

keycedes in this table ould be restricted to. ingpection of the contents of

Suppogg”the expresgion 5+3c2x4 is stored in'v1 w1th a -storea-
ation of vi1 is o4ﬂ453654356437ﬂﬂﬂﬂﬂﬂ

-

command, The ogtal represe To -

and tags, write the characters, in single quotes (') °
t-Jﬁetified (stored in the left end of the variable)_ﬁr in 7
1f characters are right-Juetified (etored in the right end

For example,

2

qed' occupies the first three characters {or

o~ " . . . o -




. ¢ N - . ' : @
- ." 5 - . - 17 - . ‘ .
‘ N ., \ . . . i . ) . .
% . \" . : i ) ‘ .
. \,
E the fi t six octal digits or the first 18 bits) of a variable- “qed" occupies

- the last ‘three characters (orthe last six octal digits g&;&he last 18 bits)
pe

(/’ of a variable. In terms of the numerical codes from Ap, ix C., 'qged' is

021155154%”””%{”15” and "qed" is Oﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬁﬂ‘l or simply 0211559}#

< In the -search- COmmand (discussed below), it is far easier to interpret
T7 . 'qed’ than oz1ﬂ5ﬂ4ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ, although both expressions have, the same -

. meaning. Use oﬁ.quotes with the characters also avoids the problem of ‘ .
s . " rewriting if the numerical codes should be changed in the future._j ‘q,

In ali*commandsfbelow involving character manipulati@n, character positions
dre numbered from the left, i.e., the left-most position is 1; the right-most,
. . 14 Except ‘for ~find- and -findall-, these commands may use”either v- or

nLvariables. The -find- and -findall- commands must use n-Variables.‘ -
"- ‘-’ ' M ¢

"paCk- i g . { - \ { | e
. This command pack§ a character string into variable(s) startiqg at the
left end (character ition 1) of the indicated gtarting variablef’ Any

‘ unused characters to he right_are filled with octal zeros. o ﬁ '
» . - i‘
‘) pack v1,sy ing‘q‘ $5 puts character string starting‘in v
. I showa - v C - ' "$$ displays string {up to 18 characters) .
N . ’ - x E Y R PR . s -
' v I ] v T
. y I . . Lo . . LPes ’
+ . pack v5,v6, string $$ puts -character string starting im vé6
' 1 . "and character count in v5 . 7 s
«  showa v6 v5 : $$ displays'string L ;P/;. ~
. . . B ot . S : ) _._I. -
AR 2R (WHen packing up to 14 characters with the -calc- command “#kn

. ”’oalc - “f¥¢ "string" packs the string into the variable at the right end;
« - calc .n1<¢= 'string’ épacks the.string at the left end. Unuged characters

are filled'with octal zeros. The -otorea~ command packs a respohse into the

- eft end of’ the variable with octal 2zeros filling out unugcd charactor

position ) ) o S _— . ¥

-~

N “ . . . N _4 .
- ~move-. . oo )

>

- I'd

. - 4 X i . ’ - .
This command moves characters from one character otfing to another.

" ‘move | from gtarting variable,from ota;ting pooitionyto starting
+ variable,to starting position, ne. of. characters (optional)

e.9., . -«
‘. move vi,7,v8,11,2 - .

T

Y




~'}-'

4

_-itoa—

. , ? ""18 - . ‘

al

This statément c-uses 2 characters starting at character position'5 of

- the string starting in v1 to be moved to position 11 of the string starting

-~ - l

in v8; overwritlng ‘haracters already at that position. If the number of
sharacters is om tted, it is assumed to be 1.

. Another véks%cn of the -move- command uses a character string as an

-~

_argument. For examplc, ' L ‘

' . ] VR X . )
, ~move 'plato’,4,v8,18 e . R

. W ) :
ché th®’ character in position 4 of the string 'p)ﬁo' (t, code=024). tO
position 1@ of the string startingsin v8. If v8 was previously zeroed, it

PrI i
now has the value 024. More”than one character may be moved In

-

move 'piato",4,v8,8,2

the two characters .starting in position 4~{to, code=0241Y) are moved to

position 8 of v8. " If v8 was preﬁiously zeroed, it is now 02417g8.

, -~
-

This command converts an integer to &n alphameric string. l g

«
L -y

itoa variable where integer is stored,variable}where'alphameric
string is stored (left-justified),variable where number of

‘ characters’is stored (optional) : . 'ﬁis

e-g-, . : . ) ’ -

calc  nl<= 2468f . L o o

itoa n1,n6,n5 _ E) ‘ .

. . . ‘ .
This statement causes the .integer stored in n1, 2468, te be converted to

an alphameric string which is stored in n6; n6idn octal format is now

035374143332899p999098.. (See Appendix C., internal keycodes ) since the

third argument is included in this example, n5 contains the number of charac—

-terg, 5. If the integer stored in ni is —2468ﬂ,hthen né containg

v oA

0463537414333¢ppPPPP and nS contains 6.

-search-. o

:This conmand scang a character string for al object character gtring.
The scanned string . is not broken up into words, - orvariables. The scaﬂ can
be considered ag_, "horizontal" across a character string, which may extend

over several variables:

scan ———»

;v1,v2;v3,§h,... : ‘

3

13




-search~. _ (6 ayguments) , ’ : .
co7ﬁence of a. character

v

st!.‘ing. 1} ' o -
) seanch object ok, search (left-gustifled) ‘length’ oﬁ object-strlng,
. _ (s1@ chara ters),startlné variable of strlng to search, - .
. number of ¢ aracters in strlng ‘to search, relatlve character
) ‘ , position at which to start search, variable where relative Ty
' character position of object s ng1f: stoted - . /
- * N - - : . ; Lo . .“ . . /,
‘ . e.g., . . : P . A ,
) : storea v3ﬂ,3count S $$ student ty es: cats + dogs = anigals
. " ok . St ) i T § o

search‘n'é ,v3ﬂ,3count 13v1 o . . o 3

-

In th1s example the stpdent s responSe is of length jcount (2121n thls
// : .case, 1nclud1ng embeddedxspaces) and 1s stored starting at variable’ v3ﬁ,

8

with 18 characters per variable. Thls stflng is searched for the object, =,
which 1s of length i. The search starts at variable v3ﬁ at the first :
character, refhtlve character posltron 1. After the search is completed, . ‘ .

the variable v contalns 13 since the object strlng starts at the 13th character
pOSltlon. E - . m . . ) L. ‘&‘1 .;1 ) § LAY

" Another eXampie using the same’ str1ng but w1th dlfferent search parameters
is . . ) ) N ! . ) . .

~ -

"search 'cat',3,v3ﬂ,jcount,2,v1 .o v N

. The search naw starts at character position 2. After the search is

' ompleted, vl contalns -1 51nce the obJect string, gatf starts at _character
- b -
posltlon 1”ahd was not found. . : ‘ ‘
L4 LY . . .
. ::‘ )}% v . - ‘ .‘ t L ) <
-gearch-. (7 arguments) 4 - ) O

s .

This version of -search- looks for the gpecified number of occurrences

. |

of a character string. - \ : : ' , o

- e
. search object of search ¢left-justified),length of obJect string
LI . (<@ characters),startlng variable of str1ng to search,number
' of characters in string to search, relative character posltlon
at which to start search, varlable for storing number of times

v &~' - object string isg found,nuﬁber of follow1ng varnables for
' . storing relatlve p051tions of object string._ 5 )
. f ) e, . . : ‘
w The string in the previous examples, i.e., cats +=dogs = animals, is -
searchep for the character s.”“. ‘ ' 4 >
o -. search 's',1,v3ﬂ,jcount,1,v1,jcount~ $$ w111 store all poss1b1 S
o . e T * $$ occurrences of @bJE@ string *©
Q 5 ' "

se 5

‘ -




| e \).

After the search the follow1ng va‘nes are contained in ariables v1

X

through v(jcount) ) oL , oo ; . o .

vi1 equals 3 er..of occurrences of object( ing) .R . o .
* i
va ™ 4 - (reladjve character positlon of is occurrenqe)\\.a -

, vy " 11',‘ {relative character pogition of,

Ly -~ V4" 21 (relat1ve character“b051t1on of 3xd ocdnrrqnce)

: »

Lo vsr (no further'ocourrencee of objecf string) o :

v6 throudh v(jcount) are unchanged.\

-f1nd-- ". ' ". g | . 2

object bit pattern. Each variable (w1th or withoht m;sk) is compared w1th . ‘

»f/ﬁ&he scan can Be T T

" an object b1t pattern (with or\wlthout the samg mas

. con51dered “vertital," with each variable scannéﬁ %ndependently 0\ ,’
|| sean nl ‘ ' “./ : A _—
/.| scah n2 A o T S .
’ ‘| scan n3- - ' . : . oL . ]

find . object bit pattern integer VariaLle at which to std‘t scarédh,
"o number of variables,inegger variable for relative found
locatlon incremgnt between variablee (optional).maak (optional)
e.g.,. ’ /

-

'find ' 'we'.,nS 26, nwg

-~

- 7

for the first occurrence of the bit pattern/ we', whi¢h is oz7ﬂ5ﬂgﬂﬂﬂﬂﬂﬂﬂﬂpﬂﬂﬂﬂﬂ
| Since. the 1ncrement between varlaiéfs isg om tted it ig set to 1, aﬁa gince the

"~

mask is omitted the entire variap a is co pared with the entire bit pattern. ‘

If the pattern is matched, n]ﬂﬂ is set tof the relativ positidﬁ of the variable
(e.g., to # if match is %n n5, to 2 if m tch is in n7, to 25 if match'is in
Ti3g). If no match ‘is found, n1gf is sét to =1. 1 .

. | :
: The bit pattern of interes% is not reatricted to being left-}ustified

or right~just1fiedq Suppose the relevant information s stored\ﬁn segmented
. variables in ﬁhe fourth 12-bit segment. The variables yould then look like:




o . N w‘ “-“ - - "‘ , s . y" ..

. .
" . hd N . . '

-.21 -

.’

\ ~

' X's.can be any valﬁe. Suppose, alsa; that we are no*longer comparing the’

_entire variaﬁle with the entire object bit pattern S0 we need the mask.

We could have a statement 11ke -

3

h

find "we"sc}ssn n5,26,n184, 1.077771616” : -

- ” ) . . / ,
or . a K . ' ) - e
find _"wexx";ns 26 n1ﬂﬂ, .07777ﬂﬂﬂﬂ R e »

14

,(Here,bx ¢an be any 64b1t character )‘ Since a mask is specxfied thé inére-

ment must be %}ven to aﬁoid ambiguity. . .
O%&coursé% &qnumerlcal bit- pattern 1s also accéptable as .an ergument
[

(However, see page17~and‘ApﬁEndix C. for a precaution against use of octal

representations dﬁ keycodes ) For example,x." )
£ind y"fg ns,26, n1ﬂﬂ ; é‘ e
which»;niatches\ the object
bit pattern and which, therefore, has all bits.gef to ﬂ sirce no fmasgk is .-

returns the relatlye p051tion of the flfst

used (Note: The object bit pattern should not/be writt with quotes,

s1nce "ﬂ" means the 1nterna1 code correeponding to the character 4,- which
1s 033 ) 7 ' oy ’ ', N o | }’;' » RN

,. v ° - " m ) -

-flndall- - \~V e ) a o :‘i ! - v

The -flndall- command T%?simllar to: the ~find- cQ\&‘nd, put it picksépn !

pr

as many occurrencesﬁof the object bit patterﬂ ag desir

. 23
%,
findall object bit pattern,lnteger variable at whdch to gtart search,'
° number of variables to search,intBger vayiable where found-
> : colint 45 stored,number of following variables where relative :

.+ found locations. of pattern are stored,ipcrement between
, variables (optional),magk. (optional) /

) . T - .

e o . IR P
/ ‘ e g.' » . t " . “-»"" ° \ﬁl' ‘ 1/ .A i?:?ﬁy o
1nda11 'we',n5; 26,n1ﬂ¢ 6,5 [ ug‘,

!
/

In thls example,’the scan for the objeét bit pattern is specified only
for every fifth variable: 25, ‘m1g, nis, ndg, n2s, géd n3g, The number of
'found locatlons desiréd is six,’nb that all’ possiblé locétions will be stored.
Since the increment is not equal to 1, it must be épecified. Bince ‘the whask
i omitted, the entire variable is compared with the object bit pattern.

N . -

.
/ «
S . . 4 o« 7
] . i . .-
o 4 . .

S ('_

a4 -




‘

- N . L .o .. .

A - o Le W / . .
Ql’\ i - . '\,‘~ _ a
’ »c«‘ . ‘o, 2 /* : : . -
d AN i 5 / *
* d /.
’ =22 - %) )
..'.\y;:—f s . . )
Suppose- vari s n5, n2ﬁ and ‘n3f coritain he object-bit pattern. After ™ A
’ -findall4 is__ c ted the following valies are contalned in varlables n1ﬂﬂ )
., through nige: o [ o
. . . o Sy
L. - enigg. equals 3 - (number' of occurrerices ‘of object bit pattern):

. nigr " g (relative sitionwof 1st occurrenge: n5) - .
4n1ﬂ2 N R |1 . (relatiVe osition of 2nd occurrepce} n2ﬂ) ' : ;ig
nig3 " 25 . ' (rélative position of 3rd'occurrence. n3ﬂ) '

* .niga " -1 (no further oceurrences of objéct bit pattern)
n1g5 and ni1ge are unchanged . .,g ST ‘ R
W1th both ~find- and -finddll- a negatlve 1ncr~_9nt caqses a backwards s
pass through the 13st. Howev'r, redative p051t1on is stil counted from the 'iv
-Y flrst variable 1n the llst. For example, suppose 1n the list below the ' o
- number 483 is in varlables n2, n4 and n5, The forwardvand ba ward scans \,4ﬁr¢4 .
’ ﬁhth wflnd- produce the found locatlons indicated. '_ et K S
.. / ., - N Y . ) “ - .
'find : 483,n1,6,‘n1ﬂﬂ : _find * 483,n1,6,n198,-1 ” ' ) w
scan. n1 - ' ’ o .scan ni . s S
. o scan n2 s o ‘N scan n2- o R
Lo . s | scan n3 : : | scan n3 “
o : forward»,\ scan ng - ) backv;‘vard_‘..scan nd - -
_s€an \ n5. / L /| -scan.’ n5 LA D
: “scan né . v \scan né . ‘. e
.~ - nigg is“1‘(£irst occurrence. . n1ﬂﬂ 1 (flrst occurrence wog ’
in'n2) w H in nS) | ’ o e
, b1tcnt(x)‘ - . . Lre ’ ) v
) The TUTOR functlon "b1tcnt(x)" counts the number of’ bl&S set to 1\in its R
S L»argument. For example. ' . . )
. e R . R . :
. bitcht(58) = b1tcnt(o72) =4 - - L \ .
‘bitcnt (87) ‘= bitentfo127) = 5 : P AN
;o I ) o -
bitent (132) = b1tcnt(o2ﬂ4) : L, - . S \\\
bltcnt~\(0655$mask$0263) bitcnt (0241) = 3 -
B bltcnt( 5) bltcnt(o77777777777777777772) J
PR : o
N - The argument may be a varlable. In most cases_an 1nteger var;able would
]
be used.forvtheoargument,‘ For example_ . ‘ Lo T ylf'
¥ o ‘ D : D2 .
‘? . ] i < \ ‘ ——
© - " . ¢ L - . . . - . e - Nf’“‘ e g L T—m——
calt . ni< 12 . . $$ in octal notation pi is o14-'f:“‘ ' )
. _.r__,,_,h} ,gg.wwc; bitent(n1)  $$ vaiue of Vig is 2 |
Pt ! - 8" ."s' N Y‘ﬂ"‘“ 4 . ,‘ ‘o . '
LT @ . . ’ . v . N L 2
= e i ' ' s g E
-, . o ‘)7_ . , , >
~ o & o B , N
- : AN . ‘ S
. . S e N\ :



t X ) . . » L M -
. Y: Ty . ' .. (
S > , 9,__|
. However, B - ' - e > e, ’ i
© \ - ‘* o L L . ) . |
Lt \ cakc  v2<& 12 $$ in octal notat:Lon v2 is o17236ﬂﬂﬂﬂﬂﬂﬂﬂﬂbﬂﬂﬂﬂﬂ ."‘_
g : v (‘- bltcnt(v2) .$$ value of v11 is 9 . o I o
_ \ ‘_-(Se The TUTOR: Language, by Bruce Sherwood, chapter 9 fdr f dJ.scuss:Lon \ "; :
i e oﬂ\ octal representatlon of v-varla\ples ) R ‘ . \'0_ L K 2’-‘ -
\., \coirlp(x).'. T < T R T S ‘
| The function "comp (x)" was‘mentioned on. page 5. It reverses the value ‘
~of l?:he bits in its aﬁgiﬁnent S0 ‘tha‘_t.set’bits are unset and vice versa. For. ‘» "t}.
.\ g ~ comp(58).= comp(o72) = o,777777777777’777777ﬂ5 - ( -
| comp(-82) = comp(o7777777‘7777777777655) = 0122
. \ . . . ) 3 b
1mask (x), kmask (x)- | - e C :
R _ " The f\g;ctlons "lmasktx)" and “rmask(x) " were dJ.scussed on page 7. o f";
’ - , Thesg functlohs estale.sh octal numbeﬁs w:|.th eJ.ther 1 t-mostg, or rJ.ght- L
- (" "most bits set.\ The argument determlnes how many bJ.ts gre set., For examp,'Le. '
, B _J.mask( 8) = o7777777777777777ﬂﬂﬂﬂ T -, . =
1mask(m) - o77776pRgpRRpRRRRgERY koo
. rmask(14) = ogggEggERsgERRRE3TTTT o N dT s
\ ) AL S C T e riia s . o
- szw, zly)c,é‘cpw. " - | o ™\ N)/ o '
: + . The system varlable "szw" is the number. of bi er TUTOR word (or
variable). It q,s equal to' 6¢. The syste arlable "szc" is the :
'\‘ ‘L\ >b:|.ts per character and equals 6. The sysz variable "chw“ ‘is the ! er‘of,) » ™~
~ characters per TUTOR " r& (or var:.able) and equals 18,

rmask(szo.)i‘ comp (1 sk (szc) ), and b1tcnt(comp(n1)) are all. legal
) - . R i " N , -

- ' L \ " St \

L ‘ . )
. : 3 . . : N ,
' . s N N . . 7]
- ) \s - - : N
& - 2

*
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Appendix A..

- v

Decimal, Octal, and Binary- tumber

FEY: Y

Ly
\

N

24 -

o

-from g to '691‘-‘ '

v

[

d

B ¥

" Pecimal

—

" Decim

octal’ - Binary ¢ Octal Binary
¥] g o oo pEn 35 43 g ogp g
1 1 2 pep ppi s 36y .44 g pgppp
2 2-¢ T gpp Mp. 377 . .45 B 1pg 1p1
3w .3 g peg g1 . 38 : 4(&; £ 1p8 118 ]
4 4 g ppp 128, -. 39 47 gigg 11,
5 s 8 288 141 ag ™ s pp gpg
6 6. . foppp g 41. 51 g 1g g
7 7 .7 gEp . 42 ] a2 527 _ ggl gp
8 g B g ppp 43 53  g1g g
9 11 g g 44 . 54 - g pp
9. 12 g g1 pg 45 . 55 - g gy g
11 13 g pgr g1 - - 46 . 56 g 181 11¢
12 14 g gp1 198 47 57 g 1g1 111
13 15 .78 ?1 A9 ‘48 + .. 68 . g g pEEs < |
14 16 g gg g .49 61 g 14'spv
15, 17 g Em 'sg . te2' g iigprg
-16 - 27 g g pep 51 63 gugmi
17 21 g g e 52 T - 64) . gp pgp
18, © 22 g gg pig 53.° 654 B 11gam
19 23 g pg g1’ 54 66 g 11g 119
28 . - 24 gpg g 55 67 g 11g 1
21 f SRR 56 88111 pep
22 g g gt 57 71 g1 gg
23 27 g-g18, 11 Tvis 58 72 g 111 pg
24 - 3 2 m( J:J.J] 59 . 73 4 111 g
. 25 " 31 gopiog; 6 74 g 111, 199
. 26 32 ggiigig , 61 75 g 11 1
27 <33 . ggngnt T 62 . 76 g 111 118 -
28 3 g g 63 , 77 . g111 11
‘29 ‘35 g g1 1 64  pp' 1 ppp Pt
© 3g 6 g g1 g . 65 191 - 1 Hg gp
3 37 g g1y 66 182 g gg
32 g pgppEe . 67 g3 /T“g ¥ik
33 41 g 188 g 68 194 ~ 1 gER1pp
34 - 42 g 1gg pg ‘69 185 < 1°gpp g1
]’Q ' - N I/‘m\
. s ) ’ P
N v 29 e -



Given the byte size =

» |
. p .
1
2
3
4
S 5
R
A\ .
4 8 $ ®
o
Va4 T‘Vﬁ- &
1.
12 7,
13.
14°
18
v/v_ 16
. 17 -
e
B 19 5
RIS
21 2
22 o 4
23 éﬁ, '8
24 16
25 33
26 , 67
i 27 134
@ 28 - 268
%% 29 536
“.‘3 K
’

L8]

16

32
.64

128 :

256
512,

Wb N -

1 g24

2 g48
4 g%
g 192

.16 384
.18 3¢

32.768

.65
131
262
524

g48
go7
194
388
777

536
272
144
288

576 -

152
394
68
216

28

‘435

554 432
864
728
456
912

4

217

878

e
LR

W

n: rande for unsigned integérs is g to‘g?—1

AN

Appendix- B.

- Powers of 2

n
’ 1
=? 3g
31
1 s 32
=8 3 .
- 34
¢ 35
=* . - 36
- 37
: .38
-3 , 39
z "— ]
. ‘48
: 41
-=84 42
! . 43
p 44 ‘.
=85 ’ 45
- 46. 74
AT 148
g% 48 © 281
- 49 - 562
7 58 1125
=g 51 .2 251
R 52 4 53
8. . 53 9 ga7
=8 54 18 g14
S 55 36 g28
9 . .56 72 #57
=8 57 144 115.
58 = 288 23f
59 576 46¢
v e

“

741
483

9267

- 934
.869

738
476

8 953

9gd6
813

648"
296
592
184

368,
736 -
472
944

=
627 776
255 552_
511 194
922 208
g44 416

177 664
355 328
714, 656

949 -427 3712

899 96, 842 634

799 813 685 248
599 '627 378 496
199 254748 992

398 549

797 @18
594 @37
188 g75
376 151
752 383

.

481 984, .

963
927
855
711

423

968
1936
872
744
488

-

Zn

[y

.gss 832

149

. - - . -1
range for sﬂéned integers is -(2" 1-1)‘to +(2n -1)

Given the‘méleum abSoluéh\Yalue such t:_hat‘zn-1 <

byte size for unsigned i

maximuhl < Zn;

. LI
ntegerg is n

byte size for signed integers is n+1 °




o

1,
'~

‘. \ . A - q o BRI
) . \ . g,a - 26 - ) . . ‘x(

S * appendix C. . _ P
. : . : P . o~ ~
? o o Internal‘Keycodeéﬁgg

. < If you wish to‘e;aﬁi;e/and interpret the co ents of a varlable, spme,
.octal sresentations of interna keycodes are ven here for qpnvem.encer
Comptete tables are given in "aids.\_ Use of these codes should be limited

*

co inspection of varlables. In -search=, for example, use "search s raes"
rather than "search 054ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ...." and’"search “vcat!' ,..;"
rather than "search oﬂ3ﬂ124ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ,..." Not only is the tag easier
to read and interpret, but problems arlsing from possible future changes

in -the 1nternal codes will be av01ded

shift - 078 | a op | A o781 g o33 | ( off
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